[Abstract] Coating tissue culture vessels with the components of the extracellular matrix such as fibronectin and collagens provides a more natural environment for primary cells in vitro and stimulates their proliferation. However, the effects of such protein layers are usually rather modest, which might be explained by the loss immobilized proteins due to their weak non-covalent association with the tissue culture plastic. Here we describe a simple protocol for a controlled fixation of fibronectin, vitronectin and collagen IV layers by formaldehyde, which substantially enhances the stimulation of primary cell proliferation by these extracellular proteins.
Procedure
A. Coating Petri dishes with fibronectin followed by formaldehyde fixation
Note: All procedures below should be performed under a laminar flow hood.
1. Add 1 ml of the 50 µg/ml fibronectin solution (see Recipes) to each of the 3.5-cm Petri dishes.
Make sure the entire dish surface is completely covered by gently swirling the solution or redistributing it over the surface using pipette tip.
Note: The fibronectin layer is only about 1-mm deep for the indicated volume, thus it is
recommended to perform this operation with Petri dishes placed on a strictly horizontal surface to ensure even coverage of all areas of the dish.
2. Incubate dishes with the lid on for 1.5 h at 37 °C in a humidified CO2 incubator. 
B. Coating Petri dishes with vitronectin followed by formaldehyde fixation
1. Add 0.5 ml of the 10 µg/ml vitronectin solution (see Recipes) to each of the 3.5-cm Petri dishes.
Make sure the entire dish surface is completely covered by gently swirling the solution or redistributing it over the surface using pipette tip. setup is 24 °C to 26 °C. Since the level of fixation depends on the temperature, it is recommended to determine the temperature under the laminar hood to make sure the deviation from the above temperature does not exceed 2 °C. If the temperature is out of this range, it is recommended to perform test fixations for somewhat different periods of time to determine the optimal fixation time for a given experimental setup.
4. According to our results (Andreeva et al., 2016) , coating Petri dishes with fibronectin at the 50 µg/ml concentration produced better results as compared to the 10 µg/ml concentration, whereas increasing fibronectin concentration to 250 µg/ml produced only a small additional effect. Although we did not test this yet, it is fairly possible that extending time for coating dishes over the 1.5-h period used in our protocol may produce a sizeable increase in the effects of fibronectin layers at 10 µg/ml concentration.
5. Coating with vitronectin, due to a high cost of this protein, was performed at lower concentration (10 µg/ml) as compared to fibronectin and collagen IV (50 µg/ml), and produced smaller effects than those observed for the latter two proteins (Andreeva et al., 2016) . Based on analogy with fibronectin results, it is likely that increasing concentration of vitronectin during plastic coating will produce larger effects.
6. Since the treatment of plastic surfaces for different types vessels and by various manufacturers may differ, it is fairly possible that the effects of fixed extracellular matrix protein layers on cell proliferation may vary. In our hands, fibronectin coating followed by fixation was more efficient for 3.5-cm Petri dishes than for 6-well plates.
7. Formaldehyde during storage may polymerize at lower temperatures and decompose at higher temperatures, thus decreasing the effective formaldehyde concentration. It is therefore recommended to use the prepared formaldehyde solution within one week and, preferably, prepare formaldehyde solution freshly for each fixation experiment.
8. It is important that collagen IV is processed at low temperature to prevent its slow denaturation which occurs even at room temperature.
9. Among the cell types tested by us, the most pronounced effects were observed for mesenchymal stem cells, both murine and human ones, smaller effects were obtained for fibroblasts, and no positive effects were observed for established cell lines (Andreeva et al., 2016) . 
